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This  note proves that there exists no single-error-correcting perfect decimal 
AN code. 
Goto and Fukumura (1975) and Boyarinov and Kabatyansky (1973) have 
shown that the single-error-correcting perfect AN codes exist for the radix 
2, 3, 6, and 7, but do not exist for the radix 5, 9, and 2 m with any m./> 2. But 
the theoretical results to assure the nonexistence of the perfect decimal AN 
code have not been obtained. 
The purpose of this note is to prove that there exist no single-error-correcting 
perfect decimal AN code. 
It is assumed that the reader is familiar with definitions concerning AN 
codes. For unexplained ones, refer to Rao (1974) and Goto and Fukumura 
(1975). 
First some definitions and a lemma necessary for the subsequent discussions 
are described. 
DEFINITION l. Let indg n denote an index of a number n with respect o 
the baseg modulo p, wherep is a prime andg is a primitive root modulop. 
DEFINITION 2. Let r be a radix and 
I(n) ~ ind~ n 
where 0 < I(n) < r. 
Rod (r - -  1), 
DEFINITION 3. 
[a, b] = {J[ j is an integer in a ~< J ~< b.} 
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LEMMA (Boyarinov and Kabatyansky, 1973). The following conditions are 
necessary for a prime p to generate a single-error-correcting perfect radix --  r 
AN code. 
(I) I (r)  = r - -  1. 
(II) I(a) is a one-to-one mapping from [2, r - -  1] onto [1, r - -  2]. 
( I I I )  The number (p - -  1) is a multiple of (r - -  1). 
Note that generally 
indg ab =~ ind~ a -f- indg b mod(p --  1). 
Further, in the case where Condition ( I I I )  is valid, this congruence may be 
rewritten as 
I(ab) =~ I(a) + I(b) mod(r - -  1). (1) 
Next let r be ten. Then congruence (1) and Condition (I) give the following 
relations among I(a)'s: 
1(4) ---= 21(2) mod 9 (2) 
I(6) ~ •(2) q- •(3) mod 9 (3) 
1(8) = 31(2) mod 9 (4) 
1(9) ----- 2•(3) mod 9 (5) 
1(10) ~ I(2) + I(5) ~ 9 mod 9. 
The last congruence may be rewritten as 
I(5) ~ 9 --  •(2) mod 9. (6) 
Therefore, when the values of I(2) and I(3) are given, the values of I(4), I(5), 
1(6), 1(8), and 1(9) can be calculated by the above congruences. Then if no 
set of values of I(a) obtained in this way satisfies Condition (II), the existence 
of the perfect decimal code will be denied. 
In other words, to prove that no perfect decimal AN code exists, it is 
sufficient to show that for all possible pairs of 1(2) and I(3) there exists at 
least one pair of I(a) and I(b) such that I(a) = I(b). These calculations lead 
to Table I. Each entry is filled with a pair of a and b such that I (a) = I(b). 
For example, let •(2) be 1 and •(3) 2. Then both 1(3) and I(4) become 2, and so 
the corresponding entry in the table is filled with 3, 4. 
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TABLE I 
For given values of I(2) and I(3), the Table lists a pair a, b such that l(a) = l(b) 
1(3)\1(2) 1 2 3 4 5 6 7 8 
1 2, 3 2, 9 8, 10 5, 6 4, 3 8, 10 5, 9 5, 3 
2 4, 3 2, 3 8, 10 2, 9 5, 9 8, 10 5, 3 5, 6 
3 8,3 8,9 2, 3 8,3 8,9 8, 10 8,3 8,9 
4 5, 9 4, 3 8, 10 2, 3 5, 3 8, 10 5, 6 2, 9 
5 2, 9 5, 6 8, 10 5, 3 2, 3 8, 10 4, 3 5, 9 
6 8,9 8,3 8,10 8,9 8,3 2, 3 8,9 8,3 
7 5, 6 5, 3 8, 10 5, 6 2, 9 8, 10 2, 3 4, 3 
8 5, 2 5, 9 8, 10 4, 3 5, 6 8, 10 3, 2 2, 3 
Similarly such pairs can be found for all other cases as well. This  fact 
means that no prime satisfies Condit ion (II) with r = 10. 
THEORElVk There exists no single-error-correcting perfect decimal AN code. 
Final ly it should be noted that no composite number  can generate any 
perfect AN code (Goto and Fukumura,  1975). 
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